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ABSTRACT Centriolar satellites are small electron-dense structures in the cytoplasm, mostly surrounding the pericentriolar material. Initially viewed as
shuttles for the transport of centrosomal proteins, they have been implicated
in the assembly of the pericentriolar material and in ciliogenesis. Although
numerous proteins have been identified as components of centriolar satellites, their molecular function remains unclear. In this review article, we discuss recent findings that characterize centriolar satellites as regulators of protein degradation pathways: by sequestering E3 ligase MIB1, deacetylase
HDAC6, and proteins of the autophagy pathway, centriolar satellites may regulate the turnover of centrosomal and ciliary components, protecting them
from removal via proteasomal degradation, autophagy, and aggresomes.

INTRODUCTION
Centrosomes are cytoplasmic structures that serve as primary microtubule organizing centers in a large variety of
animal cells. They consist of a pair of cylindrically shaped
centrioles, surrounded by pericentriolar material. Since the
1950s, an impressive amount of light and electron micrographs have been published that document the structure
and molecular composition of centrosomes. Early on, scientists noted the existence of small electron-dense granules in the cytoplasm surrounding the centrosome, within
a radius of several microns from the centriolar cylinders.
Because of their size, structure, and localization, these
granules were occasionally named “satellites”, or “pericentriolar dense bodies”, since the term “satellites” was also
used to describe subdistal appendages of centrioles [1, 2].
The functional characterization of these granules was
fueled by the discovery of their first molecular marker,
PCM-1 (originally named after “pericentriolar material 1”).
Immunofluorescence showed that PCM-1 localizes to the
pericentriolar material in interphase, and to small puncta
in the surrounding cytoplasm [3]. In mitosis, the pericentriolar accumulation of PCM-1 is temporarily lost. Immunoelectron microscopy revealed that PCM-1-containing centriolar satellites are non-membranous structures of 70 to
100 nm diameter that accumulate not only at the periph-
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ery of centrioles, but also near the basal bodies in ciliated
cells [4]. Satellite-like structures that don’t contain PCM-1
have also been reported for various centrosome proteins,
visible by immunofluorescence as small cytoplasmic foci in
the neighborhood of the centrosome [5]. Because the molecular composition of centriolar satellites has been reviewed extensively in previous publications [6, 7, 8], this
article focuses on satellites containing the marker protein
PCM-1, and on the potential molecular functions of PCM-1
and its binding partners within these structures.

CENTRIOLAR SATELLITES AS SHUTTLES FOR THE
TRANSPORT OF CENTROSOMAL PROTEINS
Early studies showed that PCM-1 satellites move along
microtubules, towards and away from centrioles [4]. It was
shown that the dynein/dynactin motor complex is involved
in the centripetal movement of the satellites, and that part
of the PCM-1 satellites co-localize with cytoplasmic foci of
various centrosome proteins [4, 5, 9]. Since siRNAmediated depletion of PCM-1 led to reduced accumulation
of centrin, pericentrin, and ninein at the pericentriolar material, PCM-1-containing satellites were viewed as shuttles
that transport centrosome components from the cytoplasm to the surface of the centrosome [5]. Other proteins
whose centrosomal accumulation is facilitated by PCM-1
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include gamma-tubulin, Nek2, and C-Nap1 [9, 10, 11].
However, the simple concept of PCM-1 satellites as shuttles for centrosomal protein transport falls short to explain
why only part of the cytoplasmic foci of centrosomal proteins co-localize with PCM-1 satellites, and why loss of
shuttle activity isn’t compensated by simple diffusion, since
proteins such as centrin are 90% soluble in the cytoplasm
[12].

CENTRIOL SATELLITES AND CILIOGENESIS
Because PCM-1-containing satellites were seen highly enriched near basal bodies in ciliated cells, a role of PCM-1 in
ciliogenesis had been suspected [4]. Further research indicated that PCM-1 satellites interact with proteins of the
BBSome, a complex of seven conserved proteins that are
encoded by susceptibility genes of the “Bardet-Biedl Syndrome” (BBS) and that are involved in membrane trafficking to the primary cilium [13, 14]. Silencing of PCM-1 dislocated two interacting proteins, Cep72 and Cep290, from
the satellites to the pericentriolar material, and various
silencing experiments indicated that PCM-1, Cep72, and
Cep290 are needed for the targeting of the small GTPase
Rab8 and of BBS proteins to the primary cilium [15, 16].
Finally, these experiments showed the need of intact centriolar satellites for efficient ciliogenesis. Although an involvement of centriolar satellites in the transport and delivery of ciliary components could not be excluded, the
molecular function of PCM-1 in this process remained unclear. To shed light on this, we are reviewing a variety of
observations that indicate less known mechanisms by
which satellites may regulate ciliogenesis and centrosomal
function.
Several years ago, a novel perspective on the function
of PCM-1 emerged from a phylogenetic analysis of centrosomal proteins in 45 organisms, representing a wide evolutionary spread across the major groups of eukaryotes. A
phylogenetic profile demonstrated a correlation between
the evolution of ciliary photoreceptor cells in the eye and
the presence of BBSome components and of PCM-1 [17].
Photoreceptor cells in the eye of vertebrates contain lightsensitive outer segments that represent modified cilia,
with stacked membrane disks involved in phototransduction. These photoreceptor cells are not renewed during
lifetime, but internal protein turnover assures their viability. This turnover involves autophagy and massive
transport of outer‐segment material through the connecting cilium [18]. Since autophagy protects photoreceptor
cells from damage after exposure to strong light stress, and
since autophagic activity follows periods of reduced illumination in the circadian rhythm or in hibernation in various
animals [19, 20], it may be speculated whether proteins
such as PCM‐1 are involved in light-dependent degradation
and renewal of ciliary outer segments. Since PCM-1 is present in nearly all cell types in vertebrates, the more general
question arises as to whether PCM-1 and centriolar satellites are linked to degradation and protein turnover during
the formation and maintenance of cilia.
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CENTRIOLAR SATELLITES AND AUTOPHAGY
Indeed, data published in recent years suggest that PCM-1containing centriolar satellites may be at the crossroad
between proteasomal and autophagic degradation pathways. Proteomic analyses and localization studies revealed
that PCM-1 forms a multiprotein complex with
Azi1/Cep131 and the E3 ubiquitin ligases MIB1 and WWP2,
and associates with numerous other centrosomal proteins,
often in a transient manner [6, 7, 8, 21, 22, 23]. Moreover,
PCM-1 interacts with multiple proteins involved in autophagy, such as LC3, GATE16, and GABARAP [24]. The latter
are proteins of the Atg8 family that recruit cargoes to autophagosomes for subsequent lysosomal degradation. One
cargo that has been characterized in the context of ciliary
function is Ofd1, a negative regulator of ciliogenesis that
binds to the centrosome and to basal bodies [25]. To enable the formation of a new primary cilium, Ofd1 needs to
be eliminated. This is accomplished by an interaction of
Ofd1 with PCM-1 at centriolar satellites, from where Ofd1
is degraded by the autophagosome-lysosome pathway [24,
26]. In this process, centriolar satellites may regulate Ofd1
removal by controlling the levels of Atg8 proteins, such as
GABARAP. This occurs in two ways: 1) GABARAP accumulates at the pericentriolar material, where its abundance is
limited by MIB1-dependent polyubiquitylation, followed by
proteasomal degradation [27]. PCM-1-dependent sequestration of MIB1 to satellites suppresses this polyubiquitylation [27], and may therefore help with fine-tuning the protein levels of GABARAP. 2) At the same time, PCM-1 can
bind to GABARAP and other proteins of the Atg8 family
(LC3, GATE16, and others) by an LIR (LC3-interacting region) sequence motif near the PCM-1 carboxy-terminus.
With the help of the LIR motif, PCM-1 mediates both the
association of GABARAP with centriolar satellites, and its
delivery to the pericentriolar material. The pool of pericentriolar GABARAP is in an equilibrium with GABARAP bound
to satellites, and satellite-bound GABARAP is believed to be
in an inactive state [27]. The presence of the LIR motif in
PCM-1 is directly responsible for the maintenance of regular GABARAP protein levels [27], suggesting that binding to
PCM-1 protects GABARAP. Upon serum starvation, satellites that contain PCM-1 and Atg8 proteins associate with
early autophagosomes and transfer the ciliogenesis inhibitor Ofd1 together with the Atg8 protein into these organelles (Figure 1). The autophagic removal of Ofd1 activates
ciliogenesis. PCM-1 is thus involved in the flux of components and cargoes towards early autophagosomes, but it
has no role further downstream in the autophagic process
[24, 27].
CENTRIOLAR SATELLITES AND THE PROTEASOME
A link between PCM-1 and proteasomal degradation has
first been established by Didier et al. [28]. Treatment of
cells with proteasome inhibitors leads to massive accumulation of various centrosome proteins at the pericentriolar
material, and to an enrichment of PCM-1-containing centriolar satellites in the proximity of the centrosome. This
suggests that there is constant turnover of proteins of the
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FIGURE 1: Two core components of centriolar satellites, PCM-1 and Azi1/Cep131, sequester E3 ligase MIB1, autophagy component GABARAP,
and deacetylase HDAC6, to inhibit removal and degradation of centrosome proteins by proteasomes and aggresomes, and to enable controlled
degradation by autophagy. Cargoes of the centriolar satellites are in a dynamic exchange with the pericentriolar material. If bound to the pericentriolar material, MIB1 mediates poly-ubiquitylation (red) of proteins that are destined to proteasomal degradation or to HDAC6-mediated
accumulation in aggresomes. Among these MIB1-substrates may be proteins of the pericentriolar material (c, grey), or centrosome-bound regulators of the autophagy pathway, such as GABARAP (G, dark yellow). Degradation of specific centrosome proteins, such as Ofd1, may occur via
the autosomal pathway, supported by satellite-mediated pickup of these proteins together with GABARAP, and delivery to early autophagosomes.

pericentriolar material, involving proteolytic degradation.
The discovery of the E3 ubiquitin ligases MIB1 and WWP2
as interactors of PCM-1 [21, 22] raises the question whether centriolar satellite components mediate directly the
ubiquitylation of centrosomal proteins prior to delivery to
proteasomes, since inhibition of proteasomal activity creates a backlog of centriolar satellites and of polyubiquitylated, but undestroyed centrosomal proteins [21, 22,
28]. However, closer investigation revealed that the major
sites of MIB1-dependent polyubiquitylation are at the centrioles, not at the centriolar satellites, and that PCM-1 prevents polyubiquitylation and proteolysis by sequestering
MIB1 to the satellites, as already discussed in the context
of GABARAP and autophagy regulation (Figure 1) [27, 29].
As a prominent example for this MIB1-sequestration
mechanism, PCM-1 was found to prevent the polyubiquitylation and destruction of the centriolar protein talpid3
[29]. Since talpid3 is needed to associate with Rab8, to
enable the recruitment of ciliary vesicles, the PCM-1dependent restraint of MIB1 activity helps to promote ciliogenesis [29].
Under normal circumstances, polyubiquitylation of centrosomal proteins by centriole-bound MIB1 may serve to
eliminate misfolded protein, or it may be part of a regula-
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tory network to ensure homeostasis of the pericentriolar
material, i.e. to maintain constant protein amounts by removing surplus protein. In this context, satellites may be
fine-tuning this activity by preventing excessive removal.

CENTRIOLAR SATELLITES AND HDAC6
Centriolar satellites may regulate protein degradation at
yet another level: the satellite component Azi1/Cep131
possesses a putative HDAC-interacting domain that should
permit binding to deacetylases, such as HDAC6 [30]. In
addition to its deacetylase activity, HDAC6 has the ability
to bind poly-ubiquitylated proteins and to transport these
to aggresomes, by interacting with the dynein motor complex [31]. Aggresomes are structures near the microtubuleorganizing center that accumulate poly-ubiquitylated misfolded proteins when the degradation capacity of proteasomes is exhausted. The presence of HDAC6 is required
for the resorption of cilia. This resorption may be a measure to regulate ciliary signaling, or to permit entry into the
cell cycle, or to respond to cellular stress following heat
shock [32, 33, 34]. For this activity, HDAC6 localizes to the
pericentriolar matrix of the centrosome/basal body, where
it is activated by the kinase Plk1, whose centrosomal accumulation depends on the centriolar satellite component
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PCM-1 [34]. The HDAC6-mediated transfer of proteins to
aggresomes may be limited by the satellites, in a manner
similar to the quenching of E3 ligase activity of MIB1:
HDAC6 may be removed from the active centrosomal pool
by sequestering it to satellites. In this way, centriolar satellites may contribute to ciliogenesis, by inhibiting ciliary
resorption.

CONCLUSION
Until today, a large number of proteins have been identified as potential interactors of centriolar satellite components. Many of these proteins need to accumulate at the
pericentriolar material of centrosomes or basal bodies, to
fulfil their function in microtubule organization or in ciliogenesis. Centriolar satellites can support their accumulation indirectly: although the satellites may be able to
transport specific cargo to the pericentriolar material, their
more important role may be to protect centrosomal proteins from degradation, by sequestering proteins of several
degradation pathways into satellites, such as E3-ubiquitin
ligases, autophagy components, and deacetylases. Satellite
components PCM-1 and Azi1/Cep131 may keep these degradation factors temporarily bound, in an inactive state.
Controlled release of these factors may contribute to maintain constant levels of centrosomal proteins, by permitting
removal of excess protein from the pericentriolar material,
or by controlling the replacement of misfolded protein by
intact protein. Loss of PCM-1 leads to release of degradation factors, provoking polyubiquitylation and degradation
of centrosome proteins. PCM-1 and Azi1/Cep131 exist in
two pools that are in exchange, at the pericentriolar material and in centriolar satellites [4, 35]. This may allow autoregulation of satellite activity, by MIB1-dependent ubiquitylation of PCM-1 and Azi1/Cep131 at the centrosome
[22, 29], counterbalanced by USP9X, a deubiquitinase that
stabilizes both proteins [36, 37].
Future studies will be necessary to find out how proteins are sequestered into centriolar satellites, and how
satellite function is regulated. Structural analysis may help
to determine whether PCM-1 and Azi1/Cep131 have simi-

larities to molecular chaperones, since they can keep binding partners such as MIB1 or GABARAP temporarily bound
to satellites, before releasing them in an active state.
Moreover, mutants of PCM-1 and Azi1/Cep131 should be
generated to test whether their activity requires assembly
into satellites, or whether they remain functional outside
these structures. Data from specialized cell types in animal
tissues demonstrate that the localization of PCM-1 can
alter during differentiation, for example from pericentriolar satellites to the cytoplasmic surface of the nuclear envelope in differentiating myoblasts [38], suggesting that
satellite markers may serve additional roles outside centriolar satellites that may be unrelated to centrosomal or
ciliary function.

ACKNOWLEDGEMENTS
The authors would like to thank their colleagues at the
Centre de Biologie du Développement, University Toulouse
III, for stimulating discussions. This work was supported in
part by a long-term postdoctoral fellowship from the European Molecular Biology Organization to N.L. (ALTF 12852014), and by salary support from the Centre National de la
Recherche Scientifique, France.
CONFLICT OF INTEREST
The authors declare no conflict of interest.
COPYRIGHT
© 2018 Lecland and Merdes. This is an open-access article
released under the terms of the Creative Commons Attribution (CC BY) license, which allows the unrestricted use,
distribution, and reproduction in any medium, provided
the original author and source are acknowledged.

Please cite this article as: Nicolas Lecland and Andreas Merdes
(2018). Centriolar satellites prevent uncontrolled degradation of
centrosome proteins: a speculative review. Cell Stress 2(2): 20-24.
doi: 10.15698/cst2018.02.122

REFERENCES
1. de Thé G (1964). Cytoplasmic microtubules in different animal cells.
J Cell Biol 23:265-75. doi: 10.1083/jcb.23.2.265
2. Wheatley DN (1982). The Centriole: A Central Enigma in Cell Biology.
Elsevier Amsterdam, NL.
3. Balczon R, Bao L, Zimmer WE (1994). PCM-1, A 228-kD centrosome
autoantigen with a distinct cell cycle distribution. J Cell Biol
124(5):783-93. doi: 10.1083/jcb.124.5.783
4. Kubo A, Sasaki H, Yuba-Kubo A, Tsukita S, Shiina N (1999). Centriolar
satellites: molecular characterization, ATP-dependent movement
toward centrioles and possible involvement in ciliogenesis. J Cell Biol
147(5):969-80. doi: 10.1083/jcb.147.5.969
5. Dammermann A and Merdes A (2002). Assembly of centrosomal
proteins and microtubule organization depends on PCM-1. J Cell Biol
159(2):255-66. doi: 10.1083/jcb.200204023

OPEN ACCESS | www.cell-stress.com

23

6. Bärenz F, Mayilo D, Gruss OJ (2011). Centriolar satellites: busy orbits around the centrosome. Eur J Cell Biol 90(12):983-9. doi:
10.1016/j.ejcb.2011.07.007
7. Tollenaere MA, Mailand N, Bekker-Jensen S (2015). Centriolar satellites: key mediators of centrosome functions. Cell Mol Life Sci
72(1):11-23. doi: 10.1007/s00018-014-1711-3
8. Hori A and Toda T (2017). Regulation of centriolar satellite integrity
and its physiology. Cell Mol Life Sci 74(2):213-229. doi:
10.1007/s00018-016-2315-x
9. Kubo A and Tsukita S (2003). Non-membranous granular organelle
consisting of PCM-1: subcellular distribution and cell-cycle-dependent
assembly/disassembly.
J
Cell
Sci
116(5):919-28.
doi:
10.1242/jcs.00282
10. Hames RS, Crookes RE, Straatman KR, Merdes A, Hayes MJ, Faragher AJ, Fry AM (2005). Dynamic recruitment of Nek2 kinase to the
centrosome involves microtubules, PCM-1, and localized proteasomal

Cell Stress | FEBRUARY 2018 | Vol. 2 No. 2

N. Lecland and A. Merdes (2018)

Centriolar satellites and protein degradation

degradation. Mol Biol Cell 16(4):1711-24. doi: 10.1091/mbc.E04-080688
11. Vladar EK and Stearns T (2007). Molecular characterization of
centriole assembly in ciliated epithelial cells. J Cell Biol 178(1):31-42.
doi: 10.1083/jcb.200703064
12. Paoletti A, Moudjou M, Paintrand M, Salisbury JL, Bornens M
(1996). Most of centrin in animal cells is not centrosome-associated
and centrosomal centrin is confined to the distal lumen of centrioles. J
Cell Sci 109(13):3089-102. PMID: 9004043
13. Kim JC, Badano JL, Sibold S, Esmail MA, Hill J, Hoskins BE, Leitch CC,
Venner K, Ansley SJ, Ross AJ, Leroux MR, Katsanis N, Beales PL (2004).
The Bardet-Biedl protein BBS4 targets cargo to the pericentriolar
region and is required for microtubule anchoring and cell cycle progression. Nat Genet 36(5):462-70. doi: 10.1038/ng1352
14. Nachury MV, Loktev AV, Zhang Q, Westlake CJ, Peränen J, Merdes
A, Slusarski DC, Scheller RH, Bazan JF, Sheffield VC, Jackson PK (2007).
A core complex of BBS proteins cooperates with the GTPase Rab8 to
promote ciliary membrane biogenesis. Cell 129(6):1201-13. doi:
10.1016/j.cell.2007.03.053
15. Kim J, Krishnaswami SR, Gleeson JG (2008). CEP290 interacts with
the centriolar satellite component PCM-1 and is required for Rab8
localization to the primary cilium. Hum Mol Genet 17(23):3796-805.
doi: 10.1093/hmg/ddn277
16. Stowe TR, Wilkinson CJ, Iqbal A, Stearns T (2012). The centriolar
satellite proteins Cep72 and Cep290 interact and are required for
recruitment of BBS proteins to the cilium. Mol Biol Cell 23(17):332235. doi: 10.1091/mbc.E12-02-0134
17. Hodges ME, Scheumann N, Wickstead B, Langdale JA, Gull K (2010).
Reconstructing the evolutionary history of the centriole from protein
components. J Cell Sci 123(Pt 9):1407-13. doi: 10.1242/jcs.064873
18. Young RW, Droz B (1968). The renewal of protein in retinal rods
and cones. J Cell Biol 39(1):169‐84. doi: 10.1083/jcb.39.1.169
19. Remé CE, Young RW (1977). The effects of hibernation on cone
visual cells in the ground squirrel. Invest Ophthalmol Visual Sci
16(9):815‐40. PMID: 893032
20. Remé CE, Sulser M (1977). Diurnal variation of autophagy in rod
visual cells in the rat. Albrecht Von Graefes Arch Klin Exp Ophthalmol
203(3-4):261‐70. doi: 10.1007/978-3-642-66812-8_11
21. Akimov V, Rigbolt KT, Nielsen MM, Blagoev B (2011). Characterization of ubiquitination dependent dynamics in growth factor receptor
signaling by quantitative proteomics. Mol Biosyst 7(12):3223-33. doi:
10.1039/c1mb05185g
22. Villumsen BH, Danielsen JR, Povlsen L, Sylvestersen KB, Merdes A,
Beli P, Yang YG, Choudhary C, Nielsen ML, Mailand N, Bekker-Jensen S
(2013). A new cellular stress response that triggers centriolar satellite
reorganization and ciliogenesis. EMBO J 32(23):3029-40. doi:
10.1038/emboj.2013.223
23. Gupta GD, Coyaud É, Gonçalves J, Mojarad BA, Liu Y, Wu Q, Gheiratmand L, Comartin D, Tkach JM, Cheung SW, Bashkurov M, Hasegan
M, Knight JD, Lin ZY, Schueler M, Hildebrandt F, Moffat J, Gingras AC,
Raught B, Pelletier L (2015). A Dynamic Protein Interaction Landscape
of the Human Centrosome-Cilium Interface. Cell 163(6):1484-99. doi:
10.1016/j.cell.2015.10.065
24. Tang Z, Lin MG, Stowe TR, Chen S, Zhu M, Stearns T, Franco B,
Zhong Q (2013). Autophagy promotes primary ciliogenesis by removing OFD1 from centriolar satellites. Nature 502(7470):254-7. doi:
10.1038/nature12606

OPEN ACCESS | www.cell-stress.com

24

25. Romio L, Fry AM, Winyard PJ, Malcolm S, Woolf AS, Feather SA
(2004). OFD1 is a centrosomal/basal body protein expressed during
mesenchymal-epithelial transition in human nephrogenesis. J Am Soc
Nephrol 15(10):2556-68. doi: 10.1097/01.ASN.0000140220.46477.5C
26. Lopes CA, Prosser SL, Romio L, Hirst RA, O'Callaghan C, Woolf AS,
Fry AM (2011). Centriolar satellites are assembly points for proteins
implicated in human ciliopathies, including oral-facial-digital syndrome 1. J Cell Sci 124(4):600-12. doi: 10.1242/jcs.077156
27. Joachim J, Razi M, Judith D, Wirth M, Calamita E, Encheva V, Dynlacht BD, Snijders AP, O'Reilly N, Jefferies HBJ, Tooze SA (2017). Centriolar Satellites Control GABARAP Ubiquitination and GABARAPMediated Autophagy. Curr Biol 27(14):2123-2136.e7. doi:
10.1016/j.cub.2017.06.021
28. Didier C, Merdes A, Gairin JE, Jabrane-Ferrat N (2008). Inhibition of
proteasome activity impairs centrosome-dependent microtubule
nucleation and organization. Mol Biol Cell 19(3):1220-9. doi:
10.1091/mbc.E06-12-1140
29. Wang L, Lee K, Malonis R, Sanchez I, Dynlacht BD (2016). Tethering
of an E3 ligase by PCM1 regulates the abundance of centrosomal
KIAA0586/Talpid3 and promotes ciliogenesis. Elif. 5:e12950. doi:
10.7554/eLife.12950
30. Wilkinson CJ, Carl M, Harris WA (2009). Cep70 and Cep131 contribute to ciliogenesis in zebrafish embryos. BMC Cell Biol 10:17. doi:
10.1186/1471-2121-10-17
31. Kawaguchi Y, Kovacs JJ, McLaurin A, Vance JM, Ito A, Yao TP (2003).
The deacetylase HDAC6 regulates aggresome formation and cell viability in response to misfolded protein stress. Cell 115(6):727-38. doi:
10.1016/S0092-8674(03)00939-5
32. Pugacheva EN, Jablonski SA, Hartman TR, Henske EP, Golemis EA
(2007). HEF1-dependent Aurora A activation induces disassembly of
the
primary
cilium.
Cell
129(7):1351-63.
doi:
10.1016/j.cell.2007.04.035
33. Prodromou NV, Thompson CL, Osborn DP, Cogger KF, Ashworth R,
Knight MM, Beales PL, Chapple JP (2012). Heat shock induces rapid
resorption of primary cilia. J Cell Sci 125(18):4297-305. doi:
10.1242/jcs.100545
34. Wang G, Chen Q, Zhang X, Zhang B, Zhuo X, Liu J, Jiang Q, Zhang C
(2013). PCM1 recruits Plk1 to the pericentriolar matrix to promote
primary cilia disassembly before mitotic entry. J Cell Sci 126(6):135565. doi: 10.1242/jcs.114918
35. Staples CJ, Myers KN, Beveridge RD, Patil AA, Lee AJ, Swanton C,
Howell M, Boulton SJ, Collis SJ (2012). The centriolar satellite protein
Cep131 is important for genome stability. J Cell Sci 125(20):4770-9.
doi: 10.1242/jcs.104059
36. Li X, Song N, Liu L, Liu X, Ding X, Song X, Yang S, Shan L, Zhou X, Su
D, Wang Y, Zhang Q, Cao C, Ma S, Yu N, Yang F, Wang Y, Yao Z, Shang Y,
Shi L (2017). USP9X regulates centrosome duplication and promotes
breast
carcinogenesis.
Nat
Commun
8:14866.
doi:
10.1038/ncomms14866
37. Wang Q, Tang Y, Xu Y, Xu S, Jiang Y, Dong Q, Zhou Y, Ge W (2017).
The X-linked deubiquitinase USP9X is an integral component of centrosome.
J
Biol
Chem
292(31):12874-12884.
doi:
10.1074/jbc.M116.769943
38. Srsen V, Fant X, Heald R, Rabouille C, Merdes A (2009). Centrosome proteins form an insoluble perinuclear matrix during muscle cell
differentiation. BMC Cell Biol 10:28. doi: 10.1186/1471-2121-10-28

Cell Stress | FEBRUARY 2018 | Vol. 2 No. 2

